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The development o f  t he  two-stage coal l i q u e f a c t i o n  process over the  past 
decade has resu l ted  i n  remarkable improvements i n  process e f f i c i e n c y ,  i nc lud ing  
increased l i q u i d  y i e l d ,  b e t t e r  product qua l i t y ,  improved hydrogen e f f i c i e n c y ,  and 
dramatic reduc t ion  i n  produc t ion  costs.  A t  t h i s  stage i n  l i q u e f a c t i o n  
development, ser ious cons idera t ion  should be g iven t o  the  r e f i n i n g  o f  coal 
l i q u i d s  i n t o  marketable t ranspor ta t i on  fue ls .  

P.-Z. Zhou, J.J. Harano (Burns and Roe Services Corp.) 

PROPERTIES OF COAL-DERIVED LIQUIDS 

Propert ies o f  coal 1 i qu ids  representa t ive  o f  var ious s ingle-stage and two- 
stage 1 iquefac t ion  (TSL) processes were compiled i n  a comprehensive review [Zhou 
and Rao, 19921. The major d i f fe rences  between cu r ren t  two-stage 1 i que fac t i on  
coal l i q u i d s  and those from e a r l i e r  processes are the  h igher  hydrogen and lower 
heteroatom contents o f  t he  former. TSL l i q u i d s  a re  usua l l y  r i c h e r  i n  midd le  
d i s t i l l a t e s  than are  s ingle-stage l i qu ids ,  probably due t o  the  lower 
hydrogenation seve r i t y  o f  the  two-stage processes which leads t o  the  lower 
hydrogen consumption and h igher  1 i q u i d  y ie lds .  

Coal l i q u i d s  produced from coa ls  of t he  same rank under s i m i l a r  cond i t ions  
are  q u i t e  s i m i l a r  i n  proper t ies .  For coal  l i q u i d s  obtained from bituminous 
coals, t he  hydrogen content i s  high, i n  the  range of 11.3-12.2 wt%; and 
heteroatom contents a re  low: 0.1- 0.3 wt% ni t rogen, l ess  than 0.1 w t %  s u l f u r ,  and 
I-2% oxygen [Lee e t  a l .  19911. L iqu id  products from lower-rank coa ls  are 
charac ter ized  by more oxygen and h igher  p a r a f f i n i c i t y  than bituminous coal  
l i q u i d s .  The subbituminous Black Thunder coal  l i q u i d s  have a g rea te r  
concent ra t ion  o f  normal pa ra f f i ns ,  o le f i ns ,  and phenols than P i t tsburgh seam coal  
1 i qu ids  [Robbins e t  a1 . 19921. 

As complex mix tu res  o f  hydrocarbons and hetero-compounds, coal  l i q u i d s  and 
petroleum e x h i b i t  many fundamental s i m i l a r i t i e s ;  therefore,  coal  l i q u i d s  can be 
r e f i n e d  i n t o  l i q u i d  t ranspor ta t i on  fuels by cu r ren t  petroleum r e f i n i n g  
technologies.  Extensive research on coal-1 i q u i d  r e f i n i n g  done by Chevron, UOP, 
and Exxon demonstrated t h a t  environmental ly clean, q u a l i t y  l i q u i d  fuels,  can be 
produced from coal  l i q u i d s .  Modern TSL l i q u i d s ,  however, have a lower b o i l i n g  
range than petroleum, w i th  an end p o i n t  around 427°C. and a re  f r e e  o f  res idua l  
ma te r ia l s  and metals. The H/C r a t i o  o f  TSL l i q u i d s  f a l l s  wi th in the  H/C range 
o f  crude o i l s ,  a l though a t  t he  lower end, r e f l e c t i n g  the  c y c l i c  nature o f  coal 
l i q u i d s .  Coal l i q u i d s  have very low s u l f u r  contents, moderate n i t rogen contents,  
and r e l a t i v e l y  h igh  oxygen contents.  These unique fea tures  o f  coal l i q u i d s  
requ i re  somewhat d i f f e r e n t  r e f i n i n g  s t ra teg ies  than those convent iona l l y  used f o r  
t he  r e f i n i n g  o f  petroleum. 

Oxygen compounds i n  coal  l i q u i d s  are concentrated i n  the  175-315°C b o i l i n g  
range, with a peak a t  230'C [Pauls e t  a l .  19901. For Black Thunder coal  l i q u i d ,  
3.6 w t %  o f  t he  naphtha (IBP - 193°C) and 10 w t %  o f  t he  193-266'F f r a c t i o n  are  
pheno l ic  compounds and can be ex t rac ted  e a s i l y  by caus t i c  washing [Burke e t  a l .  
19911. Th is  naphtha pheno l ic  ex t rac t  contains phenol, c reso ls ,  xy leno ls ,  e t h y l  
phenol, methylethyl-phenol and propyl-phenol [Robbins e t  a l .  19921. 
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Some coal  l i q u i d s  produced recen t l y  a t  W i l sonv i l l e  a re  character ized i n  
Table 1. Tables 2 through 4 compare the proper t ies  o f  respec t ive  f rac t i ons  o f  
these coal  l i q u i d s  w i t h  corresponding spec i f i ca t i ons  f o r  gasol ine,  j e t  f ue l ,  and 
d iese l  f ue l .  

HYOROPROCESSING -- THE MAJOR TOOL FOR COAL-LIOUIO REFINING 

Based on the  c h a r a c t e r i s t i c s  o f  coal 1 iquids,  hydroprocessing i s  obviously 
the most important r e f i n i n g  technology f o r  c o a l - l i q u i d  upgrading. Coal 
l i que fac t i on  i s  a hydrogenat ion process, and coal-1 i q u i d  r e f i n i n g  can be 
envisioned as an extension o f  t he  coa l - to - l i qu id  fue l  conversion process. The 
hydrogenation cond i t ions  i n  the  l i que fac t i on  step determine the  y i e l d  and 
proper t ies  o f  t he  coa l  l i q u i d s  produced, which i n  t u r n  d i c t a t e  the  ex ten t  o f  
upgrading requ i red  f o r  c o a l - l i q u i d  f u e l  product ion.  

Current 1 i que fac t i on  p r a c t i c e  i s  t o  recyc le  res ids  t o  e x t i n c t i o n  t o  produce 
a t o t a l  d i s t i l l a t e  product wi th an end p o i n t  i n  the  range o f  370-427°C. With 
improved l i q u e f a c t i o n  operat ion,  i t  i s  poss ib le  t o  lower the  end p o i n t  f u r t h e r  
t o  around 350'C, as suggested by some authors [Zhou and Rao, 19921. Th is  i s  
p a r t i c u l a r l y  advantageous t o  t h e  downstream r e f i n i n g  f a c i l i t y  which may have 
1 im i ted  c rack ing  ( e i t h e r  c a t a l y t i c  o r  hydrocracking) capaci ty,  and provides the 
added b e n e f i t  o f  con f i n ing  the  t o x i c o l o g i c a l l y  a c t i v e  po lycyc l i c  aromatic 
hydrocarbons w i t h i n  the  boundary o f  t he  l i que fac t i on  p lan t .  I n  fac t ,  Exxon's new 
l i q u e f a c t i o n  process i s  genera t ing  350'C- coal  l i q u i d s ,  which make a naphtha p lus  
d i s t i l l a t e  product s l a t e  [S tun tz  19911. 

Hydroprocessing, e.g. hyd ro t rea t i ng  and hydrocracking, o f  coal  l i q u i d s  i s  
h igh l y  v e r s a t i l e  i n  t h a t  t he  ex ten t  o f  hydrogenation can be adjusted t o  produce 
d i f f e r e n t  product s l a t e s  (maximum gaso l ine  o r  max imum'd i s t i l l a te )  as we l l  as 
product q u a l i t y  ( p r i m a r i l y  aromat ics content) .  

UTILIZATION OF EXISTING PETROLNH REFINERY INFRASTRUCTURE 

I t  appears t o  be more r e a l i s t i c  t o  consider the  co - re f i n ing  o f  coal  l i q u i d s  
w i th  petroleum i n  an e x i s t i n g  petroleum r e f i n e r y  r a t h e r  than i n  a grass-roots,  
dedicated coal-1 i q u i d  r e f i n e r y .  

Coal l i q u i d s  can be in t roduced i n t o  a r e f i n e r y  e i t h e r  as a s ing le  feed o r  
as p rev ious ly  f rac t i ona ted  i n d i v i d u a l  cuts.  The unique proper t ies  o f  coal 
l i q u i d s  warrant a d i f f e r e n t  r e f i n i n g  s t ra tegy  than t h a t  f o r  petroleum. Mixing 
the  t o t a l  coal  l i q u i d  wi th petroleum would e l im ina te  many poss ib le  r e f i n i n g  
schemes s u i t a b l e  f o r  each o f  these two feedstocks. More f l e x i b i l i t y  i n  
processing can be achieved i f  coal  l i q u i d s  are d i s t i l l e d  i n  the  l i q u e f a c t i o n  
p lan t  and i n d i v i d u a l  f r a c t i o n s  are  introduced i n t o  the  r e f i n e r y  a t  po in ts  where 
t h e i r  p roper t i es  a re  most compat ib le w i t h  petroleum counterparts.  

Much work has been done on the  hydrotreatment o f  t o t a l  coal  l i q u i d s ;  
however, evidence shows t h a t  hyd ro t rea t i ng  the  i nd i v idua l  naphtha, kerosene, and 
d iese l  f rac t i ons  i s  advantageous from a produc t -qua l i t y  standpoint .  For example, 
j e t  f u e l s  w i t h  h igher  smoke p o i n t s  may be obtained by hydro t rea t ing  the 
respec t ive  f r a c t i o n s  ra the r  than the  t o t a l  coal  l i q u i d  [Su l l i van  1987b, Zhou and 
Rao 19921. Depending on the  coa l  l i q u i d  p roper t ies ,  t he  product s la te ,  and the 
re f i ne ry  i n f ras t ruc tu re ,  coa l  1 i q u i d  f r a c t i o n s  may be hydroprocessed together 
w i th  o r  separately f rom t h e i r  petroleum counterparts.  
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REFINERY LINEAR PROGRAMING 

L inear  programming (LP) techniques are  used r o u t i n e l y  w i t h i n  the  r e f i n i n g  
i ndus t r y  t o  evaluate the  economics o f  petroleum processing. Linear programming 
can a lso  be app l ied  t o  coal  l i q u i d s  t o  determine t h e i r  value as r e f i n e r y  
feedstocks. LP i s  p o t e n t i a l l y  a very powerful  t o o l  s ince the  products from most 
l i q u e f a c t i o n  processes are  intermediates which must be f u r t h e r  upgraded o r  
blended w i t h  petroleum-derived intermediates t o  meet product spec i f i ca t i ons .  
Thus, LP al lows the  e f f e c t s  o f  va r ia t i ons  i n  y i e l d s  and q u a l i t y  between d i f f e r e n t  
l i q u e f a c t i o n  operat ions t o  be quant i f ied ,  and can prov ide  a benchmark f o r  
comparing and ranking d i f f e r e n t  coal l i q u i d  products. 

The e f f e c t  o f  feeding coa l - l i qu id  f rac t i ons  t o  a r e f i n e r y  i s  being studied 
w i th  the  1 inear  programming technique and p re l im ina ry  r e s u l t s  are repor ted  here. 
The LP model used i n  t h i s  study was developed by Bechtel, Inc.  as p a r t  o f  the 
DOE-funded D i r e c t  L iquefac t ion  Base1 i n e  Design p r o j e c t  [Bechtel ,  work i n  
progress]. It i s  a model o f  t he  t y p i c a l  midwestern U.S. r e f i n e r y ,  producing the  
average U.S. midwest product s la te .  Incremental quan t i t i es  o f  d i f f e r e n t  coal-  
l i q u i d  cu ts  a re  introduced i n t o  the  r e f i n e r y  model, which ca l cu la tes  the  e f f e c t  
o f  each cu t  on r e f i n e r y  ne t  p r o f i t .  I n  general, l i q u i d s  produced by d i r e c t  
l i q u e f a c t i o n  are  found t o  be more valuable than crude petroleum. The r e s u l t s  
repor ted  here are  expressed as a coal l i q u i d  premium def ined as the  percentage 
d i f f e rence  between the  value o f  t he  coal l i q u i d  and the  p r i c e  o f  crude o i l .  

GASOLINE PRODUCTION FROH COAL NAPHMA 

Coa l - l i qu id  naphthas are s i m i l a r  t o  .the naphtha f r a c t i o n  from a naphthenic 
crude o i l .  Data i n  Table 2 show t h a t  t he  ox ida t i on  s t a b i l i t y ,  caused by 
heteroatoms (mainly oxygen), and lack  o f  l i g h t  ends are' t he  two major problems 
i n  the  manufacture o f  gaso l ine  from coal l i q u i d s .  Coal naphtha, however, has a 
h igh  octane number and low aromatics content and i s  an i dea l  source f o r  gasol ine 
product ion.  The c l e a r  motor octane o f  coal naphthas i s  i n  the  range o f  76-83 
[Zhou and Rao, 19921. The aromat ics content o f  coal naphthas from recent TSL 
runs, con t ra ry  t o  convent ional  views, a re  f a i r l y  low (7-13 vol%),  and the 
naphthene content is  very h igh  (60-70 vol%), as shown i n  Table 2. It i s  an 
exce l l en t  reformer feedstock t o  make gaso l ine  components with a research octane 
number above 105 [Su l l i van  1987b], which i s  a t t r a c t i v e  a t  t he  present t i m e .  
However, conversion o f  naphthenes t o  aromatics by c a t a l y t i c  reforming may no 
longer  be advisable due t o  prov is ions  i n  the  U. S. Clean A i r  Act  Admendments. 
A cos t -e f fec t i ve  means o f  gaso l ine  product ion from coal naphthas i s  t o  maintain 
the  cu r ren t  l e v e l  o f  naphthenes, which have f a i r l y  h igh  octane numbers, and 
improve the  ox ida t i on  s t a b i l i t y  o f  the  coal naphtha v i a  m i l d  hydro t rea t ing  t o  
remove the  heteroatoms. Isomerizat ion o f  l i g h t  coal  naphtha i s  a lso  a promising 
op t ion .  V o l a t i l i t y  requirements can be e a s i l y  remedied by blending. 

LP s tud ies  show tha t  f o r  a r e f i n e r y  no t  d e f i c i e n t  i n  high- octane gasol ine 
blendstocks, t h i s  scheme r e s u l t s  i n  a premium f o r  coal  naphtha o f  12% over the 
p r i c e  of crude o i l .  Under the  assumptions used i n  the  ca l cu la t i on ,  s t r a i g h t  
blending o f  t he  hydro t rea ted  coal naphtha i s  p re fe rab le  t o  c a t a l y t i c  reforming 
which has a premium o f  6.5%. This d i f f e rence  i s  due p r i m a r i l y  t o  the  loss  o f  
volume which occurs dur ing  reforming. I n  t h i s  study, t he  r e f i n e r y  product s la te  
was assumed t o  be unchanged. Further s tud ies  are  planned t o  explore var ious 
scenar ios i n  which the  r e f i n e r y  i n f r a s t r u c t u r e  and product s l a t e  are modif ied t o  
take best advantage o f  coal  l i q u i d  po ten t i a l s .  Higher premiums are an t i c ipa ted .  
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PHENOL ICs EXTRACTION 

Since oxygen i s  the  major heteroatom found i n  coal l i q u i d s ,  hydrogen used 
f o r  oxygen removal dur ing  h y d r o t r e a t i n g  accounts f o r  the  major p a r t  o f  hydrogen 
consumption. The oxygen compounds i n  the  232'C- f r a c t i o n  are mostly s i n g l e - r i n g  
phenolics, which can be e a s i l y  e x t r a c t e d  by c a u s t i c  washing. 

A promising approach i s ,  there fore ,  t o  e x t r a c t  these phenolics before 
hydro t rea t ing  as chemicals by-product. Pre l im inary  work ind ica ted  t h a t  t h i s  has 
good p o t e n t i a l  f o r  r a i s i n g  the  c o a l - l i q u i d  premium f o r  the  naphtha f r a c t i o n .  

JET FUEL PRODUCTION 

As i l l u s t r a t e d  i n  Table 4, the  coal-der ived kerosene f r a c t i o n s  have lower 
hydrogen contents than do naphthas from t h e  same source. This fo l lows the  general 
t rend t h a t  hydrogen content decreases w i t h  inc reas ing  b o i l i n g  p o i n t .  The 
hydrogen l e v e l  o f  the  coal-der ived kerosene f r a c t i o n  i s  low compared w i t h  t h a t  
o f  petroleum-derived j e t  f u e l s  (H 13.5-14.0 wt%),  and i s  a r e f l e c t i o n  o f  i t s  h igh  
aromatics content, t y p i c a l l y  around 50%. As a r e s u l t ,  the  A P I  g r a v i t y  and smoke 
point ,  two major p roper t ies  f o r  j e t  fue ls ,  are much lower than spec i f i ca t ions .  

The j e t  f u e l  f r a c t i o n  obtained from an EOS d i s t i l l a t e  by hydro t rea t ing  do 
no t  meet g r a v i t y  and smoke p o i n t  s p e c i f i c a t i o n s  [Erwin and Sefer 19891. I t was 
reported, however, t h a t  through appropr ia te  hydrotreatment smoke p o i n t s  o f  a t  
l e a s t  20 nun can be obtained f o r  j e t  f u e l s  from I l l i n o i s  No. 6 coal l i q u i d s  
(aromatics content 10 vo l% o r  lower) and f o r  j e t  f u e l s  from Uyodak coal l i q u i d s  
(aromatics content about 15 ~ 0 1 % )  [ S u l l i v a n  1987al. Hydrocracking appears t o  be 
a more e f f i c i e n t  way o f  making s p e c i f i c a t i o n  j e t  f u e l s  from coal l i q u i d s  
[Su l l i van  and O'Rear 19811. I n  essence, t h i s  i s  a matter o f  the  depth o f  
hydrogenation. J e t  f u e l s  w i t h  no aromat ics and no s u l f u r  can be produced and 
meet a l l  o f  the  c u r r e n t  ASTM s p e c i f i c a t i o n s  f o r  j e t  f u e l  [Stuntz 19911. 

Due t o  the  compositional uniqueness, t r a d i t i o n a l  dens i ty  s p e c i f i c a t i o n  i s  
more d i f f i c u l t  t o  meet than smoke p o i n t  f o r  coal-der ived j e t  fue l  f rac t ions ,  
which comprise l a r g e l y  two-r ing c y c l o p a r a f f i n s .  However, the  high naphthene 
content o f  coal l i q u i d s  makes them a remarkable feedstock f o r  manufacturing high- 
density, high-energy j e t  fue ls ,  a range-extender f o r  high-mach a i r c r a f t s .  More 
work i s  requ i red  i n  t h i s  area. 

DIESEL FUEL PRODUCTION 

With an even lower hydrogen conten t  than the  kerosene f r a c t i o n ,  the  coal-  
der ived middle d i s t i l l a t e s  have low cetane numbers, u s u a l l y  i n  the  twent ies.  
Upgrading o f  the  middle d i s t i l l a t e s  i s  necessary t o  increase the  hydrogen content 
and remove hetero-compounds. However, s a t u r a t i o n  o f  a l a r g e  p a r t  o f  the 
aromatics i n  the  d i e s e l  f u e l  f r a c t i o n s  may n o t  be j u s t i f i e d  economically, and the 
use of mult i-purpose add i t i ves  may be adv isab le  [Sefer and Erwin 19891. The 
coal-der ived d iese l  f u e l  does show good s u s c e p t i b i l i t y  t o  i g n i t i o n  improvers 
[Su l l i van  e t  a l .  19811. 

Wi th  a l l  the  aromatic hydrocarbons i n  coal  d i e s e l  f r a c t i o n s  saturated, a 
zero-aromatics, zero-su l fu r  d i e s e l  f u e l  i s  made by Exxon, which has a cetane 
value i n  the  42-53 range and considerably reduced p a r t i c u l a t e  emissions r e l a t i v e  
t o  a t y p i c a l  petroleum d iese l  f u e l  [S tun tz  19911. 
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Initial LP work indicates that low-severity hydrotreating results in a 
A better premium diesel blendstock with a premium of about 4% over crude oil. 

may be possible by adjusting the cut points of this fraction. 

CRACKING 

Coal-derived middle and heavy distillates can be cracked, either by 
catalytic cracking or hydrocracking, to boost yields of gasoline or light 
distillate fuels. In order to be a good cat-cracker feedstock comparable t o  
petroleum feedstocks, coal distillates must be hydrogenated to a 11.5-12.0 wt% 
hydrogen content [Riedl and deRosset 19801. 

A decision on whether the hydrotreated middle distillate should be used as 
a diesel fuel blending stock or subjected to catalytic cracking should be based 
largely on economic considerations. Product slate constraints, however, will 
probably dictate that a certain part of the middle distillate should be blended 
to diesel fuel and the rest cracked to generate gasoline blending components. 
Heavy distillate or vacuum gas oil, if produced by the liquefaction plant, should 
be cracked. Hydrocracking of coal-derived heavy distillates can produce quality 
gasoline, jet, and diesel fuels. The choice between catalytic cracking and 
hydrocracking depends on the refinery infrastructure. The mode of operation for 
the hydrocracker, all-gasoline mode or maximum-jet-fuel mode, depends on refinery 
economics. Further LP work is under way to study this and other related options. 

CONCLUSION 

Coal liquids can be refined by modern refining technologies, primarily 
hydroprocess i ng, in to speci f icat ion transport at ion fuel s . Mi Id hydrotreatmen t 
of coal naphtha to produce a gasoline blendstock is preferred over catalytic 
reforming in the long run. The middle distillate can be hydro-upgraded into 
high-density jet fuel or diesel fuel with the use of an appropriate additive 
package. Heavy distillates may be cracked to boost gasoline yield. By adjusting 
the depth of hydrogenation, zero-aromatics liquid fuels can be obtained with high 
quality. A high degree of product slate flexibility is possible with coal-liquid 
refining. Suitable refining strategies will result in a considerable premium for 
coal liquids over the price of crude oils. More research is recommended on coal- 
liquid characterization, including detailed analysis and development of 
correlations for property prediction; and on coal-liquid processing, including 
experimental and LP studies. 
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TULE I 
PROPERTIES OF YILSWVILLE TYO-STAGE LlQUIOS 

coal Spring Pi t tsburgh Black lllinolr 
Creek Scu Thunder No. 6 - 

24.5 Gravi ty.  1 P I  Q I S C  16.2-18.3 

Carbon. r t x  86.2-86.9 
Hydrogen. r t X  10.9-11.1 
SYlfUT. nr 0.05-0.10 
Nitrogen. rtl 0.40-0.52 
Oxygen. r t S  ( d i f f )  1.36-2.21 
HIC At- Rat io  1.51-1.18 
V. 111. Fe. Cu. p p  - 

Character izat ion Factor - 
Ash. wtX 
Conradso" carbm. r t x  - 
P O W  Point. Y 
8rmIne nlpbcr. g l loog - 
n n i i i n e  mint. 'E 
Kln. V i s c ~ s l t y .  cSt. 038T - 
Phenol IC-OH Conc., m l g  - 
Acldlty. -19 
GC S l m l a t e d  Olrt.. 'E 

Elcl*ntal  

I8P 16-51 
Im 118-180 
5 m  211-331 
gsx 363-411 

21.1 23.9 

86.9 
11.55 
0.05 
0.1 
1.4 
1.59 

<4.5 
10.9 
0.002 
0 - 59 
8 

23.8 
2.1 
0.18 

81.4 
11.2 
0.05 
0.1 
1.10 
1.54 

c25.0 
10.9 
0.01 

87.2 
11.8 
0.02 
0.22 
0.76 
I .62 

0 
-26 

I4 

3 . 1  

0.38 

85 
253 
362 

80.5 
210 
319 

Oata Source for Tables 1 through 4: 
Burke et 11. 1991. Kora lsk i  and 8asu 1984. 
Krmr 1991. SEI 1991. 
V i u l c h r n d  e t  al. 1991. Yinschel and Zhou 1991. 
Yinschel. Burke. and Zhou 1991. Zhou and Rao 1992. 

Tn8Li 2 
PROPERTlES of Y l L w l L L L  CML-OERIVEO IuPHnIAs 

C0.l Illinols Pi t tsburgh Black gasol ine 
no. 6' Scm Thunder Specs 

I8P-193 
48.9 

IBP-l93 
60.9 

cut. 'C 189-182 
Gravity. 'API 015T 43.1 
086 0isti1lation. 't 

cut. 'C 189-182 
Gravity. 'API 015T 43.1 
086 0isti1lation. 't 

14* 
sox 121 

I 1 3  
I91 

91 
126 
172 
181 
19.3 

8V 
116 
111 
204 

21.4  

84.3 
13.6 
0. I 
0.08 
1.92 

) 88.0 

70 ma* 
17-121 

190 m u  
225 MI 
62 M a '  

85.3 
13.3 
<o. I 
0.05 
1.25 5 " , A l i i >  

.. 
0.36 
1.56 

lS.9 
60.1 
23.4 

s . 5  

0.10 m a  - ~_..., 
Group n n a l p i i ,  vol t  

Paraff ins 
Ilmhthcner 

19.3 
61.5 
13.2 

.- .. . . . . 
A r O U t i C I  
Olef lns  

Acidi ty . lg  K W g  
Phenolic-On. m q l g  
Motor Octane 
E x i s t e n t  Gum. "Jlq 
t o ~ p e r  Cormr ion  
Oxidation Stability. 

7.0 
5.0 
0.38 
0.40 

81.1. 
40.2 
I A  
F a i l  

0.1: 
86.5 

1.6 
in 
Pass 

13.4 

Dl" 
I i e l d .  11% 

on Total Coal L i q u i d  18.4 26.1 23.1 
on Uf coal 19.1 

: YilS.a""ill .  Run 244. 
' class n. 
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T U L E  3 
PROPERTIES OF YlLSMlVlLLE KEROSUE FWlCTlfflS 

~~~ ~ ~~ 

l l l i n o i r  P l t t s b u q h  Black Jet  A-l 
No. 6 Seam Thunder SpQcs 

coal 

cut .  'C 
Gravity. 'API @ISC 
086 O i r t i l l a t i m ,  'C 

10% 

90% 
50% 

fP 
RVP. tPa  
FI& Point, o t  
freezing P0l"t. oc 
flere"tal. r ts  

F 
H 

s 
Mercaptan S 
0 (dtff) 

Paraf f ins  
Naphthenrr 
A m a t i c s  
Olef ins 
Naphthalene 

*kt Point. m 
Acid i ty .  ml KWIg 
Phenol ic-W. asqlg 
Kin. VIscosIty. cSt 

Exis tent  Gum, mlg 

GrOUp Analysis, "01% 

I -2o.c 

COPpQr C O W O S i D n  
.IFTOT _. 
Net Heat Value. I U I g  
Yield. r ts  

on Tatal Ltqutd 
on mf Coal 

182-232 193-266 191-266 
22.9 25.9 21.3 37-51 

178' 
200 
222 
379 

220 
227 
244 
263 
9.6 
76.1 

-53.5 

2121 
242 
259 
346 

86.7 
dark 

205 max 

300 a x  
20.7 max 

38 m i "  
-47 m x  

84 4 87 0 85.8 ~. .. ~ 

io.9 11.5 10.6 
0.22 <O.l 0.3 
0.23 0.04 0.04 0.30 max 

0.003 0.009 0.001 n u  
4.26 1.36 3.26 

44.0 50.0 25 aax 
3.0 3.0 5 ma? 

4.94 
10.8 9.8 25 .in 

0.05 0.50 0.1 rmx 
0.25 0.92 

1.75 18.94 8 m u  
69.0 90.8 7 mu 
LA 1.4 I mar 
f a i l  - 25/3 MI". 
42.1 42.0 42.8 min 

11.0 31.4 19.0 
23.1 

' GC Simlated.  ' applicable t o  Jet  8. 

TABLE 4 
PROPERTIES OF YILSONVILLE CML-nERIvin n m L E  DISTILLATES 

coal Illinois P i t t r D u q h  Black No. I 
NO. 6 Seam Thunder Diesel 

Cut. 'C 
Gravity. 1 P I  
GC Simulated Oirt.:C 

10% 
50% 
90% 
EP 

C 

Flash Point .  'C 
Elemental. rt% 

H 
N 
5 
0 (d i f f )  

H/C Atom Rat io  
Aromatic Carban. X 
Bromine NO. g/IOOg 

R i m i ~ t t o m  Carbon, X 
Hat C. Inrolubles. X 
Ash. w t l  
Copper corros ion 
Cetane lnuer 
Yield. r t l  on Total L l q u i d  

VirCOslty. C S t .  era'c 

182-343 
18.6 

266t 
16.3 

193 
250 
317 
379 

365 

86.3 
10.7 
0.23 
0.22 
2.48 
1.49 

34.0 

0.15 
0.40 

21 
45.7 

88.4 
10.5 
0.1 
0.04 
0.96 
1.43 

7.4 
8.97 

0.02 
1A 
26.5 
41.9 

266-343 
17.7 

256 
289 
321 
346 
124 

87.0 
10.7 
0 . 3  
0.01 
1.75 
1.48 

I7 
6.2 

0.00 
IA 
27.7 
22.9 

0.50 max 

1.3-2.4 
0.15 m u  

0.01 m u  
1 r n I X  

40 m n '  

' Cetane numkr. 
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